SEMICONDUCTOR DEVICE HAVING CONTACT PLUG AND 
METHOD FOR MANUFACTURING THE SAME 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a senniconductor device, and more 
particularly, to a semiconductor device having a contact plug and a method for 
10 manufacturing the same. 

2. Description of the Related Art 

A contact plug formed within an insulating layer between a semiconductor 
substrate and a bit line or a storage electrode has been used for connecting an 
□ active region on the semiconductor substrate and the bit line, for connecting an 
[fe active region on a semiconductor substrate and a storage electrode of a capacitor, 
^4 and for connecting an active region of a peripheral circuit or a gate electrode and a 
UJ bit line. There are two different types of techniques for forming a contact plug, one 
^ technique using tungsten and the other technique using titanium nitride. In the case 
of using tungsten having a strong tensile strength to form a contact plug, a void may 
_0 be formed in the contact hole. In addition, after the contact hole is filled with 
^ tungsten, chemical mechanical polishing (CMP) and cleaning processes are 
Q performed to complete the formation of a contact plug. At this time, tungsten may 
be melted or dissolved by a cleaner used in the cleaning process. Thus, particles 
generated in the chemical mechanical polishing process may not be completely 
25 removed in the cleaning process. 

On the other hand, a titanium nitride layer has superior step coverage 
compared with tungsten and thus, a void can be prevented in a contact plug made of 
titanium nitride. Also, the problem occurring in a contact plug made of tungsten 
where tungsten is melted or dissolved by a cleaner in the cleaning process is not 
30 observed in a contact plug made of titanium nitride. For this reason, it is possible to 
sufficiently remove particles generated in a chemical mechanical polishing process 
by intensively performing a cleaning process. In addition, in the case of forming a 
contact plug of titanium nitride, an adhesive layer used for enhancing adhesive 
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strength between tungsten and an insulating layer containing a silicon connponent, 
that is, a titanium nitride layer is not required in depositing a tungsten bit line in 
contact with the contact plug because the titanium nitride layer used in the formation 
of the contact plug can act as an adhesive layer. Thus, the thickness of a bit line 
structure including a bit line and an adhesive layer can be reduced. Therefore, it is 
possible to prevent the process of etching back the bit line structure from being 
excessively performed, thereby minimizing the degree by which an diffusion barrier 
layer formed in the contact plug is recessed. However, if the titanium nitride layer is 
deposited to a thickness of 1000 A or greater, cracks may occur In the contact plug 
due to stress. 

SUMMARY OF THE INVENTION 

I U tsUI Vt; i( It; duuvc |JI uuici i lo, n ic; yji coci ii iiivc^iii.i«.>(i pi^^v i^c^ *^ .f^^. .u^^^w. 

device including a contact plug that has substantially no void or crack and a method 
for manufacturing the same. 

Also, the present invention provides a semiconductor device including a 
contact plug which has no void or crack and has strong resistance to particles 
generated in chemical and mechanical polishing and a method for manufacturing the 
same. 

Accordingly, a semiconductor device in accordance with one embodiment of 
the present invention includes a semiconductor substrate; an insulating layer formed 
on the semiconductor substrate and having a contact hole; an diffusion barrier layer 
formed on the insulating layer and the contact hole; and a contact plug which 
comprises a first sub-plug filling the contact hole and formed to have a first height 
relative to the bottom of the contact hole and a second sub-plug formed to extend 
from the top surface of the first sub-plug to the top of the contact hole. 

The first sub-plug is formed of tungsten and the second sub-plug is formed of 
one of a titanium nitride layer and tungsten. In the case of forming the second sub- 
plug of a titanium nitride layer, it is preferable that the titanium nitride layer has a 
thickness no greater than 1000 A, particularly, about 500 A. The diffusion barrier 
layer is formed of titanium/titanium nitride. 
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In accordance with another embodiment of the present invention, a method 
for manufacturing a semiconductor device includes preparing a semiconductor 
substrate; forming an insulating layer having a contact hole on the semiconductor 
substrate; forming an diffusion barrier layer on the insulating layer and the contact 
5 hole; and forming a plug in the contact hole by forming a first sub-plug with a first 
height relative the bottom of the contact hole and forming a second sub-plug 
extending from the top surface of the first sub-plug to the top of the contact hole. 

In an example method for forming a first sub-plug, a first metal layer is formed 
on the insulating layer having the contact hole and is etched back to a 
10 predetermined depth to which a void which may be formed in the first metal layer 

reaches. The first sub-plug is formed of tungsten. In an example method for 
_ forming a second sub-plug, a second metal layer is formed on the semiconductor 

.,.U:_U 4.U^ f.^^i. <-.,,U Unn •frti-rv^O'^ or^z-l !o r^/-vl io Kori O/^ oo 

^ bUUbUdlt; UI1 W) HUI I me mot OUU-jJiuy nao ucci i iwimou anv^ lo pv^ii^iiv^t^ 

Lf, expose the top surface of the diffusion barrier layer. The second sub-plug is formed 
of one of tungsten and a titanium nitride layer. The second sub-plug has a thickness 
S no greater than 1 000 A. 

^ ... 
J' In accordance with one aspect of the present invention, a semiconductor 

^ device comprises a semiconductor substrate; an insulating layer formed on the 

M semiconductor substrate and having a contact hole therethrough; a diffusion barrier 

^0 layer formed on a surface of the insulating layer and on surfaces within the contact 

^ hole; and a contact plug which comprises a first sub-plug that fills a lower portion of 

the contact hole and a second sub-plug that fills an upper portion of the contact hole 

on the first sub-plug. 

In accordance with another aspect of the present invention, a method for 

25 manufacturing a semiconductor device comprises forming an insulating layer having 

a contact hole therethrough on a semiconductor substrate; forming a diffusion 

barrier layer on a surface of the insulating layer and on surfaces within the contact 

hole; and forming a plug in the contact hole by forming a first sub-plug that fills a 

lower portion of the contact hole and forming a second sub-plug that fills an upper 

30 portion of the contact hole on the first sub-plug. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
The above objects and advantages of the present invention will become more 

apparent by describing in detail a preferred embodiment thereof with reference to 

the attached drawings in which: 

FIGS. 1 through 4 are cross-sectional diagrams illustrating a method for 

manufacturing a contact plug according to the present invention. 



DETAILED DESCRIPTION OF THE INVENTION 
10 The present invention now will be described more fully with reference to the 

accompanying drawings, in which preferred embodiments of the invention are 

„ shown. 

Q 

yj rxetciimy lu ti ic; ci i luuuii i loi n oiiww C4 )^ ,<^j^, . 

?2 on a semiconductor substrate 10. A contact hole is formed by etching a 
We predetermined portion of the insulating layer 12 to expose a region of an active 
m region of the semiconductor substrate 10. A diffusion barrier layer 14 is formed on 
P the insulating layer 12 and at the sidewalls and bottom surface of the contact hole. 
The diffusion barrier layer 14 comprises a titanium/titanium nitride layer 14. Next, a 
first metal layer 16, that is, a tungsten layer is formed on the diffusion barrier layer 
14 filling the contact hole. A void 18 is formed in the first metal layer 16 filled in the 
contact hole. Here, the first metal layer 16 is a tungsten layer; however, any metal 
layer capable of generating a void in the contact hole may be used as the first metal 
layer 16 instead of the tungsten layer. 

Referring to FIG. 2, the first metal layer 16 is etched back to_a predetermined 
25 depth to which the void 18 of FIG. 1 reaches, thereby forming a first sub-plug 20 
having a first height relative to the bottom of the contact hole. 

Referring to FIG. 3, a second metal layer 22 is formed by atomic layer 
deposition on the semiconductor substrate 10 on which the first sub-plug 20 has 
been formed. Any material that resists melting or dissolving in a chemical 
30 mechanical polishing or cleaning process can be used as the second metal layer 22. 
The material of the second metal layer 22 may be the same as or different from the 
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first metal layer 16. Specifically, the second metal layer 22 may be a tungsten or 
titanium nitride layer. In the case of using a titanium nitride layer as the second 
metal layer 22, a cleaning process performed after the formation of a second sub- 
plug 24 can be intensively performed and thus, the second sub-plug can have strong 
5 resistance to particles generated in chemical mechanical polishing. In addition, in 
the case of using a titanium nitride layer as the second sub-plug 24, the second sub- 
plug is preferably deposited to a thickness of no greater than 1000 A, specifically, a 
thickness of about 500 A. 

Referring to FIG. 4, the second sub-plug 24 is formed by performing a 
10 planarlzation process such as chemical mechanical polishing (CMP) on the second 
metal layer 22 of FIG. 3 so as to expose the top surface of the diffusion barrier layer 
14. As a result, a contact plug comprising the first and second sub-plugs 20 and 24 

fsi I I CIO lufooi I iwiiiiovi III III 1^ I i.cu\^L ii^ic:. 

^ The first metal layer 1 6 is etched back to a predetermined depth to which the 

ytjs void 18 reaches and thus, there is no void in the first sub-plug 20. If a material, 
^ which a cleaner used in a cleaning process subsequent to a chemical mechanical 
polishing process has difficulty melting, is used as the second metal layer 22, the 
p cleaning process can be intensively performed. Therefore, it is possible to form a 



contact plug having strong resistance to particles generated in the chemical 



W mechanical polishing process for formation of the contact plug. In the present 

Q 

^ invention, a titanium nitride layer is used for producing these effects. The upper part 
of the contact plug is formed of a titanium nitride layer, thereby minimizing the 
amount of time required in etching a bit line to be formed at the upper part of the 
contact plug and minimizing the degree by which the diffusion barrier layer within the 

25 contact hole is recessed. 

While this invention has been particularly shown and described with reference 
to preferred embodiments thereof, it will be understood by those skilled in the art 
that various changes in form and details may be made therein without departing 
from the spirit and scope of the invention as defined by the appended claims. 

30 
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